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Abstract
This study addressed the effect of aspect on spatial variability of some of soil physicochemical properties in Central 
Iran. Two north-facing and south-facing slopes were selected and 102 topsoil samples were randomly collected. 
Results showed that the spatial distribution and spatial dependency level of the same soil attributes were different in 
two aspects. Regarding to the kriged maps, only trends of soil pH and silt percentage were more or less similar for 
both aspects. Our findings suggest that local-scale soil variability in different aspects could grow unstably over time 
and bring about an unstable and chaotic condition for soil pedogenesis.
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1.1. Introduction
Soils are natural bodies which vary in space and time across landscapes. The spatial variation of soil 
properties is significantly influenced by some environmental factors such as topographic aspect [1, 2]. 
Slope aspect is an important topographic factor influencing local site microclimate, mainly because it 
determines the amount of solar radiation received. The amount of insolation governs air and soil 
temperatures, and soil water availability [3, 4]. South-facing slopes, which receive the greatest amount of 
solar radiation, are typically hot, dry and subject to rapid changes in seasonal and diurnal microclimate. In 
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contrast, north-facing slopes, which receive the least amount of insolation are cool, moist, and subject to 
slow changes in seasonal and daily microclimate. Slope steepness also influences microclimate by 
affecting insolation and water drainage. Another topographic factor which affects soil physical and 
chemical characteristics such grade of pedality, slake test, coarse fragment ratio, soil profile effective 
thickness, water retention capacity and depth to water table [for example: 5, 6, 7, 8] is slope position. 
Ridge tops or upper convex slope surfaces are exposed to intense solar radiation and are subject to erosion 
and soil movement [4].  
 
The slope aspect, slope position and its inclination can affect soil chemical characteristics such as 
calcium carbonate content, pH, organic carbon, decomposition rates, CEC, available P, available N, 
extractable Fe and exchangeable base cations [2, 5, 6, 7, 9]. Chen et al. [10]  reported that soils of the 
upper slope positions had higher available Fe, Mn, Cu and Zn and were classified as Ultisols while soils 
of valleys were of Inceptisols order. Khormali et al. [9] mentioned that the well developed Cambisols 
(Hapludepts) were formed mainly on summit positions and non-developed regosols (Udorthents) were 
formed on less stable segments of shoulder and backslope. In toeslope, where the groundwater saturates 
the soil profile, hydromorphic properties were dominant and Gleysols (Endoaquepts) were reported. In 
our study, two adjacent hill-slopes with different aspects in Central Iran were considered to study the 
effect of aspect on some of soil properties using geostatistical procedure.
1.2. Study area
The study area is a hill-land in the Chelgerd area, 35 Km distance from Shahrekord, Iran (Fig. 1). It is 
located between 50° 23' 56" and 50° 24 13" E, and 32° 21' 7" and 32° 21' 27" N. The mean annual 
precipitation and temperature are 1506.4 mm and 9.8 °C, respectively. The landuse of this area is 
rangeland, and the soil moisture and temperature regimes are xeric and mesic, respectively.
Fig. 1. A view of the study area (a: south-facing slope, b: north-facing slope)
(b)(a)
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1.3. Materials and methods
Two north-facing and south-facing slopes with same parent materials were selected and 51 topsoil 
samples (0-30 cm) were randomly collected in three different positions (top, middle and bottom) of each 
aspect. Soil pH, texture, plant available and water-soluble phosphorus and percentage of organic matter, 
calcium carbonate equivalent and gravel were determined by routine procedures.
A semivariogram [11] was determined for each variable to ascertain the degree of spatial variability 
between neighboring observations and the appropriate model function was fitted to the semivariogram. 
Through analysis of the semivariogram, the best theory model (e.g.: spherical, exponential, or Gaussian) 
and its parameters were determined. To check the validity of the models and to compare values estimated 
from the semivariogram models with actual values, we used a jackknifing approach [12]. Differences 
between estimated and experimental values are summarized using the cross validation statistics such as
root mean square error (RMSE) and relative RMSE (RMSE%) [13]. The dimensionless RMSE% allows a 
comparison of accuracy for variables of different types and with different ranges of variation [14]. 
 
1.4. Conclusion
Prior to spatial analyses, the normality of all soil properties was checked using Kolmogorov-Smirnov 
test. Our data indicated that four out of nine selected soil properties in north-facing slope are not normally 
distributed. Therefore, a logarithmic transformation was used to normalize the original data on plant 
available and water-soluble phosphorus, calcium carbonate equivalent and gravel content (Table 1).
The spatial dependence of each soil property was modeled using analysis of semivariance in two north-
facing and south-facing slopes (Tables 1 and 2). However, spatial dependencies did differ among soil 
properties, as illustrated by the nugget, sill and range values (Tables 1 and 2). Semivariograms of all 
variables were adjusted best to a spherical model and their ranges were between 50 to 96 m and 36 to 82
m in north-facing and south-facing slopes, respectively (Tables 1 and 2, and Fig. 2). Although the ranges 
were different, a sampling distance of 60 m was reasonable to study the most of the variables for both 
aspects. This finding can be a good indicator for decreasing the numbers of samples for monitoring of 
these parameters in the future.
The cross-validation statistics given in Tables 1 and 2 shows soil properties can be estimated well by 
application of the ordinary kriging method. The highest RMSE% values for gravel in north-facing slope 
and P_H2O in south-facing slope indicated large variations between measured and estimated of the 
variables. The nugget/sill (N/S) ratios as characteristics of the strength in spatial structure of the data were 
almost higher than 0.75 for both aspects (Tables 1 and 2). As Cambardella et al. [15] stated, this 
corresponded to a weak spatial structure, that is, >75% of the data variability consisted of unexplainable, 
short distance, random variation. Webster and Oliver [16] declared minimum samples to run a 
geostatistical study are 50 to 100 point. As for to the spatial dependence classes and also because of 
lowing sample points, i.e. 51 points for each aspect, it seemed that using classical statistics may bring 
better results for such a study. However, according to the spatial dependence classes it is cleared that 
ordinary kriging which uses only the target soil variable is not the best predictor for the studied area. It is 
better to use other kinds of kriging like universal kriging which considers supplementary information such 
as slope to predict its results.
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Regarding to the kriged maps, only patterns of soil pH and silt percentage were more or less similar for 
north-facing slope. These maps have an inverse pattern for south-facing slope (Fig. 3). Clay content and 
calcium carbonate equivalent have a positive pattern in south-facing slope and also in north-facing slope. 
It is maybe due to the less available water content and thereby less leaching fraction for the south-facing 
slope.
Our findings suggest that local-scale soil variability in different aspects could grow unstably over time 
and bring about an unstable and chaotic condition for soil pedogenesis.
Table 1. Semivariogram models, interpolation parameters and cross-validation statistics of selected soil properties for north-facing 
slope
RMSE%RMSESpatial dependence classN/SSNR (m)ModelProperty
35.190.76Low0.940.330.3150.0Sphericalln CCE
72.081.07Moderate0.261.100.2950.8Sphericalln Gravel
43.840.36Low3.330.030.1083.0Sphericalln P_H2O 
12.120.24Low1.330.030.0496.5Sphericalln P_Soil
63.154.44Low1.6010.0016.0050.0SphericalSand (%)
9.275.46Low0.9324.5022.9049.6SphericalSilt (%)
20.266.91Moderate0.3465.8022.5054.8SphericalClay (%)
24.000.50Moderate0.300.400.1276.0SphericalSOM (%)
2.370.18Low1.000.020.0279.8SphericalpH
R: range; N: nugget; S: sill 
Table 2. Semivariogram models, interpolation parameters and cross-validation statistics of selected soil properties for south-facing 
slope
RMSE%RMSESpatial dependence classN/SSNR (m)ModelProperty
17.986.66High0.05217.8010.0060.0SphericalCCE (%)
47.5812.42Moderate0.30204.5962.0953.0SphericalGravel (%)
62.700.85Moderate0.290.520.1552.6SphericalP_H2O (mgkg-1)
25.481.99Low1.831.322.4239.4SphericalP_Soil (mgkg-1)
28.892.90Moderate0.2712.443.4272.4SphericalSand (%)
7.373.99Moderate0.5017.818.9275.0SphericalSilt (%)
11.694.20Low0.8511.9010.1036.4SphericalClay (%)
37.190.42Low0.950.0860.08244.4SphericalSOM (%)
1.650.13Low0.800.010.00882.4  SphericalpH
     R: range; N: nugget; S: sill 
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Fig. 2. Semivariograms of selected soil properties (a: north-facing slope; b: south-facing slope)
Fig. 3. Kriged maps of selected soil properties (a: north-facing slope; b: south-facing slope)
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